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Abstract 

Objective To study the effects of selective serotonin reuptake inhibitors (SSRIs) on cognitive functions, mental 
improvements, and adverse effects in patients with Alzheimer’s disease (AD).

Methods Registered in INPLASY (INPLASY202450004), five drugs (citalopram, s-citalopram, quetiapine, olanzapine, 
and sertraline) were selected as representatives. A comprehensive search was conducted in PubMed, EMBASE, Web 
of Science, and the Cochrane Library up to May 15, 2024. Search terms were combined using Boolean operators, 
specifically ‘AND’ between different categories (e.g., ‘Alzheimer’s Disease’ AND ‘SSRIs’) and ‘OR’ within the same category 
(e.g., ‘citalopram OR s-citalopram OR quetiapine OR olanzapine OR sertraline’), to ensure a thorough retrieval of rel-
evant studies. The selection followed rigorous inclusion and exclusion criteria for meta-analysis.

Results Fourteen articles from 1118 were selected for meta-analysis. The indicators, including Neuropsychiat-
ric Inventory (NPI), Mini-Mental State Examination (MMSE), Brief Psychiatric Rating Scale (BPRS), and Cornell Scale 
for Depression in Dementia (CSDD), were used to assess the effects of the drugs on AD treatment. According 
to the results of NPI, CSDD, BPRS, MMSE, and security assessments, the five antidepressants have significant advan-
tages in AD treatment compared with placebo, while the MMSE of the patient treated with the antidepressants did 
not show notable changes compared with patients treated only with placebo. Statistical analyses were conducted 
using Review Manager 5.3, employing random-effects models to account for study heterogeneity and sensitivity 
analyses to test the robustness of our findings.

Conclusion This study suggests that SSRI-related antidepressants have great potential values in AD treatment, 
and further research on the application of SSRI-related antidepressants in AD treatment is necessary.
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Introduction
Cardiac and neurological diseases remain two main kill-
ers worldwide [1–8]. Among them, Alzheimer’s dis-
ease (AD) is one of the common neurogenic diseases [9, 
10], which has threatened the health of elderly patients 
[11–13]. Depression is a common symptom among AD 
patients, and several studies have identified a close link 
between depression and the onset and progression of AD 
[14–16]. Reports indicate that a considerable number of 
patients have a history of depression at the time of AD 
diagnosis, and that depression and depressive symptoms 
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increase the risk of transitioning from mild cognitive 
impairment to AD [17, 18].

At present, even with the current strategies, the treat-
ment effects on AD remain unsatisfactory. However, 
several studies have indicated that some selective sero-
tonin reuptake inhibitors (SSRIs) have a positive effect 
on improving AD symptoms [19, 20]. Mental diseases 
also remain main killer for human beings [21–23]. SSRIs, 
including citalopram, s-citalopram, quetiapine, olanzap-
ine, sertraline, and so on, are characterized by inhibiting 
5-hydroxytryptamine of patients and have been gener-
ally used in clinical treatment to relieve the symptoms 
of depression [24, 25]. Recent studies have indicated that 
even to the patients without depression, SSRIs can delay 
the conversion from mild cognitive impairment to AD, 
which suggests that some SSRIs may have the potential to 
decrease the symptoms of AD [26–28]. Moreover, the five 
SSRIs can inhibit the accumulation of amyloid-β in the 
brains of the patients via blocking the synthesis process 
of precursor proteins of amyloid-β. Thus, SSRIs may hold 
potential therapeutic values on AD treatment that inhibit 
or delay the progression of AD, especially in patients who 
are at early stages. SSRIs demonstrate significant ben-
efits in terms of security and lower research costs com-
pared to newer drugs under development, although these 
advantages should be evaluated in the context of available 
evidence [29–31]. Therefore, the researching the effects 
of SSRIs in AD treatment is necessary.

In this review, the five SSRIs, including citalopram, 
s-citalopram, quetiapine, olanzapine, and sertraline were 
selected as subjects, and the articles which were related 
with randomized controlled trials (RCTs) of those drugs 
for AD treatment were included for meta-analysis the 
effects of SSRIs on AD treatment.

Materials and methods
Search strategy
The related articles were searched from online databases, 
including PubMed, EMBASE, Web of Science, and the 
Cochrane Library (from inception to May 15, 2024). The 
terms, including “citalopram”, “s-citalopram”, “quetiapine”, 
“olanzapine”, “sertraline”, “Alzheimer’ disease”, “AD” or the 
combinations of those words were used in the searching 
of related articles. Initially, we identified 1118 articles 
that included separate studies for each of the five drugs 
mentioned. After rigorous screening, 14 articles were 
ultimately selected for detailed analysis.

Selection criteria
The included papers in this study conformed to the fol-
lowing criteria: (1) the papers published in English and 
included in authoritative academic journals; (2) the 

studies selected SSRI-related antidepressants as treat-
ment drugs, and the experiments were double-blind 
and RCTs; (3) the antidepressants in trials involved in 
citalopram, s-citalopram,  quetiapine, olanzapine, and 
sertraline. (4) The including criteria for the patients fol-
lowed the fourth edition of the Mental Disorders Diag-
nostics and Statistic Manual (DSM-IV) and the National 
Association of Nervous and Communicative Disorders 
and Stroke/Alzheimer’s Disease Institute of Standards 
(NINCDSADRDA) [32, 33].

The exclusion conditions included the following crite-
ria: (1) The papers were not randomized controlled tri-
als, including case reports, reviews, and meta-analysis; 
(2) the original data of papers were incomplete; (3) the 
papers involved the experiments of mice or other animal 
models; (4) the papers were non-English publications.

Data abstraction
Data abstraction was independently finished by two 
researchers, and any divergence was arbitrated by a non-
aligned group. All data were analyzed by RevMan 5.3.5, 
and the risk bias of the studies was detected by the Risk 
of Bias tool according to the standard of Cochrane Hand-
book. Besides, P < 0.10 and I2 > 50% meant that heteroge-
neity of the papers should be ignored. The information of 
patients including age, sex, dosing, duration of the trial, 
baseline cognitive score (Mini-Mental State Examina-
tion, MMSE), therapy outcomes, and adverse events were 
recorded for analysis.

Types of outcome measures
The change of cognition, behavior and global assessment 
of the patients in included articles were selected and 
record for meta-analysis. The indicators, including Neu-
ropsychiatric Inventory (NPI), Mini-Mental State Exami-
nation (MMSE), Brief Psychiatric Rating Scale (BPRS), 
and Cornell Scale for Depression in Dementia (CSDD) 
were selected as primary measurements to assess the 
effects of the antidepressants on AD patients. Besides, 
the adverse events of patients with antidepressants or 
placebo in the treatment process were recorded to reflect 
the security of the drugs.

Statistical analysis
Statistical analyses were conducted using Review Man-
ager 5.3 [34]. We employed random-effects models to 
account for significant study heterogeneity, defined by 
thresholds of I2 > 50% and P < 0.10. These thresholds were 
selected based on standard guidelines to detect mean-
ingful variability across studies, which could affect the 
interpretation of the meta-analysis results. To further 
explore sources of heterogeneity, subgroup analyses were 
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performed based on variables such as drug type, patient 
demographics, and study duration.

Results
Literature search findings
As is shown in  Fig.  1, 1118 keyword-related articles 
were searched from PubMed, EMBASE, Web of Sci-
ence, and the Cochrane Library of Systematic Reviews. 
After screening, 495 studies were listed as relevant 
articles, and 121 of them were determined as eligible 
by full-text articles assessment. After that, 14 articles 
were ultimately selected for meta-analysis according 
to functional outcomes. Besides, three studies com-
pared the effects of citalopram and placebo; one study 
compared the effects of escitalopram and placebo; four 
studies compared the effects of olanzapine and pla-
cebo; three studies compared the effects of sertraline 
and placebo; five studies compared the effects of que-
tiapine and placebo.

Cognition outcome
In  Fig.  2, the intervention cycle was in the range of 
6–36  weeks. Nine studies (involving 803 participants) 
assessed changes in cognition by using MMSE [35–43]. 
The results showed that the effects of antidepressants no 
significant difference between and placebo on AD treat-
ment (P < 0.01), and the mean difference is 0.00 (95% CI 
− 0.14 to 0.14, 803 participants, I2 = 0%).

Depression outcome
As shown in  Fig.  3, the intervention cycle was in the 
range of 6–24  weeks. Three studies (involving 253 par-
ticipants) were included to analyze the changes in func-
tion by using CSDD [36, 40, 41]. The results showed that 
there is a significant difference between antidepressants 
and placebo on AD treatment (P < 0.05), and the mean 
difference was − 0.58 (95% CI − 0.84 to − 0.33, 253 par-
ticipants, I2 = 0%).

Fig. 1 Flowchart describing the approach used to identify all eligible studies of meta-analysis
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Behavioral outcome
In  Fig.  4, the intervention cycle was in the range of 
6–36 weeks. Seven studies (involving 1586 participants) 
were included to analyze the effects of SSRIs and placebo 

on NPI of the patients [35, 36, 40–42, 44–47, 49]. The 
results showed that there was a significant difference 
between antidepressants and placebo on AD treatment 
(P < 0.01), and the mean difference was −  0.14 (95% CI 

Fig. 2 Forest plot of comparison of antidepressants versus placebo: MMSE scores

Fig. 3 Forest plot of comparison of antidepressants versus placebo: CSDD scores

Fig. 4 Forest plot of comparison of antidepressants versus placebo: NPI scores
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− 0.24 to − 0.04, I2 = 0%). In Fig. 5, the intervention cycle 
was in the range of 6–36  weeks. Five studies (involving 
1167 participants) were included to analyze the effects of 
SSRIs and placebo on the BPRS of the patients [41, 42, 45, 
46]. The results showed that there was a significant differ-
ence between antidepressants and placebo on AD treat-
ment (P < 0.01), and the mean difference was − 0.15 (95% 
CI − 0.27 to − 0.03, I2 = 4%). 

Safety of drugs
In  Fig.  6, the intervention cycle was in the range of 
6–36 weeks. Nine studies (involving 1598 adverse events) 
were included to weight the safety of SSRIs and pla-
cebo in the treatments of the patients [35, 36, 38, 40–42, 
44–46]. Although more adverse events were reported by 
patients in the depressants groups, the total adverse reac-
tion rates of the patients treated with SSRIs did not show 

any significant difference compared with the patients 
treated with placebo (OR 0.90, 95% CI 0.60–1.34, 1598 
adverse events, I2 = 29%).

Risk of bias and overall quality of evidence
As shown in Fig. 7, the risks of bias items of all included 
studies were presented as percentages. As could be seen 
from the graph, bias was detected predominantly in the 
domains of incomplete data and outcome, limitations 
applicable to earlier studies. Using the GRADE approach, 
the overall quality of evidence was judged as moderate 
indicative.

Discussion
Although SSRIs are associated with cognitive improve-
ments, the direct evidence supporting their role in treat-
ing Alzheimer’s disease (AD) remains limited. This study 
employed multiple approaches to evaluate the efficacy of 

Fig. 5 Forest plot of comparison of antidepressants versus placebo: BPRS scores

Fig. 6 Forest plot of comparison of antidepressants versus placebo: Number of adverse events
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antidepressants, not only including cognitive and behav-
ioral outcomes but also encompassing drug safety and 
depression management, to comprehensively assess their 
potential value in AD treatment.

MMSE score has been used in clinical diagnosis to 
reflect the situation of AD patients, generally, and one 
study has indicated that the value of MMSE had a nega-
tive relationship with the patients’ progression of hip-
pocampal atrophy [47–50]. In this study, the MMSE 
score of the patients with placebo or different antide-
pressants was compared by meta-analysis, and it was 
found that SSRIs did not have an effective influence on 
the MMSE score of the patients. However, the latest stud-
ies have indicated that some SSRIs such as quetiapine, 
olanzapine, and sertraline have potential functions on 
improving cognitive impairment [51–53]. Therefore, the 
clinical effects of SSRI-related antidepressants should not 
be drastically ruled out, and more precise RCTs are nec-
essary to further confirm the value of those drugs.

Some SSRIs, including citalopram, S-citalopram, que-
tiapine, olanzapine, and sertraline, have been applied 
in clinical for improving the depression of patients. In 
recent years, more and more studies have found that 
depression is a key factor that could increase the conver-
sion risk from amnestic mild cognitive impairment to 
Alzheimer’s disease. For this phenomenon, it may attrib-
ute to variants of depression-related genes that induced 
the accumulation of amyloid-β in patients’ brains [15, 
54, 55]. In those studies, most of them have indicated 
that corresponding antidepressants could improve the 
symptom of AD to some degree. In this study, CDSSs of 
patients in included papers were also analyzed by meta-
analysis, and the antidepressants showed a significant 

curative effect on AD patients, which had a significant 
difference with placebo. Besides, some researches have 
shown that many AD patients have depression or depres-
sion history, thus the improvement of depression may 
also alleviate the cognitive impairment to some degree 
[56–58].

In this study, the NPI and BPRS assessment of the 
patients showed that antidepressants expressed sig-
nificant effects on AD patients compared with placebo, 
which suggested that SSRI-related antidepressants could 
alleviate the neurological disorders of elderly patients to 
further improve the daily behaviors. Citalopram could 
decrease the accumulation of amyloid β-protein and pro-
mote microglial activation to increase the numbers of 
neurons, and finally improves the deficits in short-term 
memory, sociability, and depression in mice [59]. Besides, 
a study has also pointed out that SSRIs, such as fluoxe-
tine, paroxetine, sertraline, and escitalopram, could block 
the aggregation and fibrillogenesis progressions of Aβ42, 
and thus inhibit the deterioration of AD via impeding the 
formation of amyloid plaques in brains of the patients 
[60].

Safety is one of the most important factors of the drug 
in clinical research, and it is also the main reason which 
has restricted the development of drugs of AD [61, 62]. 
Citalopram, S-citalopram, quetiapine, olanzapine, and 
sertraline have been commonly used in clinical depres-
sion treatment, and their safety has been tested for a 
long time [63–65]. Although total adverse events of AD 
patients with the five antidepressants are more than 
the patients with placebo in included articles, the total 
adverse events rates did not show any significant dif-
ference between the patients treated with SSRI-related 

Fig. 7 Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies
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antidepressants and the patients treated with placebo, 
which indicated those drugs have more economic advan-
tages in AD treatment compared with the drugs under 
development.

Although it suggests that some SSRI-related antide-
pressants have definite validity in AD treatment in this 
study, it still lacks sufficient evidence to support the clini-
cal application of these drugs. First, only five common 
drugs, including citalopram, S-citalopram, quetiapine, 
olanzapine, and sertraline, were selected as candidates 
to analyze the effect of SSRI-related antidepressants on 
AD treatment. It is important to note that quetiapine 
and olanzapine are, in fact, atypical antipsychotics and 
not classical SSRIs. Their potential cognitive benefits 
are considered within the broader context of neuropro-
tective strategies rather than SSRI-specific mechanisms. 
This selection may not reflect the overall values of SSRI-
related antidepressants and could affect the generaliz-
ability of our findings. Second, many patients selected 
by included articles were not classified by type of symp-
toms, which might not be strong enough to exclude the 
relationship between the improvement of AD symptoms 
and alleviated depression of the patients. This lack of 
precise symptom categorization could obscure specific 
drug effects on particular AD symptoms, thereby limit-
ing the extrapolation of our findings to broader patient 
populations. Third, the data of the meta-analysis just 
came from published scientific articles; therefore, some 
negative results, including adverse results and non-statis-
tical results, might not be listed in those articles, which 
might cause a certain deviation between the studies and 
actual results. Finally, some of the trials in these studies 
used flexible strategies for drug dosage and duration of 
treatment. The dosages of antidepressants ranged from 
dozens to hundreds of milligrams, and the treatment 
duration usually lasted for weeks depending on the situa-
tions of the patients, which brought some uncertainty to 
the results.

Limitations
Despite our best efforts, we acknowledge certain limita-
tions in our study design. Firstly, our literature search was 
limited to databases such as PubMed, Embase, and Web 
of Science, and did not include other potentially relevant 
databases such as ClinicalTrials.gov. Secondly, our search 
was restricted to publications in English, which may have 
omitted significant non-English research. These factors 
could affect the comprehensiveness of our review. An I2 
value of 29% indicates moderate heterogeneity, which we 
attribute to a variety of factors including differences in 
study design, sample sizes, and dosing regimens. Future 
research should consider these limitations to enhance the 
universality and accuracy of the findings.

Conclusion
This study suggests that SSRI-related antidepressants 
have great potential values on AD treatment, and more 
researches about the application of SSRI-related antide-
pressants on AD treatment are necessary.
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